Introduction
The vast majority of individuals infected with viral hepatitis are in low and middle-income countries of Africa and Asia, where the screening and access to treatment are not available [1] . The main objective of treatment of chronic hepatitis B and C is to obtain a durable suppression of viral replication in order to improve histological lesions and therefore reduce the risk of progression to cirrhosis, and hepatocellular failure and hepatocellular carcinoma [2] . Following "the Dakar Appeal" [3] , the Ivorian government, through the National Program of the Fight against Viral Hepatitis (NPFVH) has made freely available to patients of the 3 Teaching Hospitals of Abidjan, Pegylated Interferon (PEG-IFN) from February 2012 to November 2013 for the treatment of chronic hepatitis B and C. The pre, per and post therapeutic biological, radiological and histological tests remain the responsibility of patients. If the fight against viral hepatitis begins in Africa, the management of affected people remains little studied [4] . Among the studies carried out in this country on viral hepatitis, very few have focused on treatment. We carried out a study on the results of treatment with PEG-IFN, in patients with chronic hepatitis during this period at the Teaching Hospital of Yopougon in Abidjan in the Ivory Coast.
The aims of our work were to assess the effectiveness of treatment with PEG-INF alone or in combination with Ribavirin (RBV) in clinical practice in patients with chronic hepatitis B or C and to determine the hematologic side effects.
Patients and Methods
The Teaching Hospital of Yopougon is the third university hospital situated in the biggest municipality of Abidjan with a capacity of 508 beds. The consultation in hepatogastroenterology is assured by 6 specialists who receive 3600 patients a year.
We carried out a single-center retrospective study of patients with chronic hepatitis B or C, followed in the hepatogastroenterology consultation department of the Teaching Hospital of Yopougon and candidates according to the international recommendations for antiviral treatment. The medical records of these patients were collected over a period from February 1, 2012 to November 30, 2013 as cases. The inclusion criteria were: chronic active HBV or HCV (HBs Ag positive for more than 6 months, positive anti HCV antibody, persistent or intermittent elevated transaminases, HVB DNA ≥ 2000 IU/ml for Hbe Ag negative or ≥ 20000 IU/ml for Hbe Ag positive, positive HVC RNA, a necroinflammation or 1 moderate to severe fibrosis), absence of HBV + HIV co-infection, treatment with PEG-IFN. Were excluded: patients with HBV + HIV co-infection, chronic inactive hepatitis B, the untreated HBV or HCV or treated by another molecule. The following parameters were investigated: demographic (age, gender), biochemical (transaminases), serum (HBs antigen, total HBc-Ab, Hbe Ag, Hbe-Ab, HCV-Ab), virological (HBV DNA and HCV RNA quantitative by PCR). Hbe Ag, Hbe-Ab, HCV-Ab were detected by ELISA test (Biomerieux Clinical Diagnostics, Geneva, Switzerland). HBV DNA was measured by the technique COBAS Ampliprep/COBAS TaqMan HBV Version 2.0 from Roche (Meylan, France) with a 20 IU/ml positivity threshold (linearity of 20 IU/ml to 170,000,000 IU/ml). The quantification of RNA-HCV was performed by PCR in real time according to the Roche technique (CobasTaqMan®), sensitivity 15 IU/ml (1.2 log), linearity: 44 -69,000,000 IU/ml (1.6 to 7.8 log). Liver fibrosis was assessed by non-invasive methods (Fibrotest®-Actitest® Biopredictive or Fibrometer® V Biolivescale or FibroScan® VTME) or by a liver biopsy. When the biopsy was available, the data were compiled according to the METAVIR scoring system: A0 for no activity A1 for minimal activity A2 for moderate and A3 for severe; F0 as no fibrosis, F1 for portal fibrosis without septa, F2 for fibrosis with rare septa, F3 for fibrosis with many septa and F4 for cirrhosis. All patients had had an abdominal ultrasound in search of cirrhosis or hepatocellular carcinoma (HCC) signs.
A comprehensive pre-therapeutic assessment in search of absolute or relative contra-indications was performed in all patients. The patients were put on PEG-IFN α2a alone at a dose of 180 mcg per week for 48 weeks in the case of HBV and indefinitely in the case of HBV + HDV co-infection. In the cases of HCV, PEG-IFN α2a was combined with RBV and administered at doses varying according to weight. For genotypes 1 and 4:1, 000 mg/day below 75 kg and 1200 mg/day beyond. Doses were fixed at 800 mg/day for genotype 2. The duration of treatment was 48 weeks for patients with HCV of genotype 1 or 4 of 24 weeks in patients with HCV of genotype 2. All patients included had a follow-up superior or equal to 6 months after treatment.
For HBV, the viral load was assayed by PCR for the initiation of treatment, to week 12, week 24, week 48 and 6 months after the end of treatment. The subject was considered responder if the viral load was negative at the end of treatment. The response was considered partial if there was a decrease without viral negativation. The non-response was defined by the persistence of the HBV DNA in the serum at the end of treatment. The viral response was sustained if six months after completion of treatment the viral load remained negative; the patient was a responder relapser if the viral load became detectable 6 months after the end of treatment. For HCV the viral load was assayed by PCR at initiation of treatment, to week 4 if genotype 1, week 12, week 24 and week 48 and 6 months after the end of treatment. Virological response to treatment was considered fast if the viral load was undetectable at week 4, early if the viral load decreased by 2 logs to week 12. The subject was considered responder if the viral load was negative at the end of treatment. The response was considered partial if there was a decrease without viral load negativation. The non response was defined by the persistence of the viral RNA C in the serum at the end of treatment. Viral response was sustained if six months after the end of treatment the viral load remained negative; the patient was a responder relapser if the viral load became detectable 6 months after the end of treatment. The main objective of treatment was a sustained viral response, defined by HCV RNA of or HBV DNA undetectable six months after the end of treatment.
Statistical Analyses
Data were processed and analyzed using Microsoft Excel 2010 software (Microsoft, Seattle, WA, USA). The description of the sample consisted of calculations of proportions for qualitative variables and averages with their standard deviation for quantitative variables.
Ethical Consideration
Since it was for author's personal use counting records, patient consent was not required. However during the counting and data collection patients names were not collected in order to preserve confidentiality.
Results
During the study period, 1860 patients were seen in consultation of hepatogastroenterology and the number of patients with chronic viral hepatitis C or B was 422 that is a prevalence of 22.7%. 44 patients were put on pegylated Interferon that is 10.43% of which 41 records were exploitable.
Characteristics of the Study Population
Among these 41 patients, 30 had HCV (73.17%) with a case of HIV + HVC co-infection, 11 patients had HBV (26.83%) including 3 cases of HBV + HDV co-infection. Patients' age ranged from 24 to 69 years with an average of 49.2 ± 12.2 years including 46.5 years for HBV and 51.9 years for HCV. The sex ratio was 1, 56. The level of education was higher education in 52.5%, level of secondary school in 30%, and level of primary-school in 5% and no education in 12.5%. 82.92% of patients had a paid employment. Co-morbidities were: 11 hypertension, 7 diabetes, 1 HIV, 1 thyroid nodule.
2 patients with HCV had already been treated by combination therapy, including 1 of genotype 1 non-responder to the combination therapy pegylated Interferon and Ribavirin and the second of genotype 2 whose treatment was stopped at 3 months for severe neutropenia.
Physical examination did not reveal any sign of portal hypertension or hepatocellular failure or morphological change of liver.
Biochemically, the original transaminases were on average 93.37UI/l (15 -526) for AST and 110.47 (11 -706) for ALT. In our HBV patients, the assessment at baseline showed mean transaminase values that were AST = 111.9 IU/ml and ALT = 184.2 IU/ml. Virologically, the average viral load was 1.685.331 IU/ml (13,915 -13,600,000) for HCV and 33,312,767 IU/ml for HBV (547 -124,871,948).
HCV patients were of genotype 1 in 17 cases (56.66%), genotype 2 in 12 cases (40%) and 1 case of genotype 4 (3.34%) from Central Africa.
The fibrosis score at initiation of treatment was significant (≥A2 and/or ≥F2) in 86.9% of cases of Fibrotest® (n = 24), 100% of cases of Fibrometer® (n = 14).
The activity was classified A0 (n = 3), A1 (n = 5), A2 (n = 5) A3 (n = 11) and fibrosis was classified F0 (n = 1), F1 (n = 2) F2 (n = 6), F3 (n = 4) and F4 (n = 11) in the 24 Fibrotests®. The activity was classified A0 (n = 0), A1 (n = 3), A2 (n = 6) A3 (n = 5) and fibrosis was classified F0 (n = 0), F1 (n = 0) F2 (n = 6), F3 (n = 5) and F4 (n = 3) in the 14 Fibrometers®. 36.84% of patients were classified F4: it was therefore about decompensated cirrhosis.
Abdominal ultrasound was normal in 39 patients (95%) and 2 cases showed homogeneous hepatomegaly (5%). There were no signs of cirrhosis or portal hypertension or hepatocellular carcinoma.
2 fibroscans were performed including 1 case that was F1 and 1 case was F2.
The fibrosis score at initiation of treatment was significant (≥A2 and/or ≥F2) in 71.4% of cases of liver biopsy (n = 7) the activity was classified A0 (n = 1), A1 (n = 2), A2 (n = 3) A3 (n = 1) and fibrosis was classified F0 (n = 0), F1 (n = 2), F2 (n = 2), F3 (n = 3) and F4 (n = 0). Table 1 presents the characteristics of the patients to the inclusion.
Duration of Treatment
Seven patients discontinued their treatment that is 17.07% of cases. It was 4 cases of HCV of genotype 1 (23.5%), whose discontinuation of treatment occurred 40 and 38 weeks for no decline in viral load to 16 weeks, for cirrhosis decompensation and to 4 weeks for pyoderma. 3 cases of HBV had to discontinue their treatment (27.3%) to 20 weeks because PEG-IFN α2a was out of stock, to 32 weeks for poor adherence and to 36 weeks for severe thrombocytopenia. PEG-IFN α2a was replaced by tenofovir in these three cases. 13 HCV of genotype 1 (76.5%) underwent 48 weeks of combination therapy, 12 HCV of genotype 2 (100%) underwent 24 weeks of combination therapy and genotype 4 (100%) underwent 48 weeks of combination therapy. 8 HBV (72.7%) underwent 48 weeks of PEG-IFN α2a monotherapy. Table 1 . Characteristics of the patients in the inclusion (n = 41).
Paramètres
All n (%) HVB n (%) HVC n (%) 
Hematological Adverse Reactions
20 cases (48.8%) of neutropenia < 750/mm 3 were observed, with the lowest rate to 221/mm 3 including 16 (80%) that received filgrastim (Neupogen®34). 12 cases (29.3%) of thrombocytopenia < 100,000/mm 3 whose lowest rate was to 11,000 platelets/mm 3 due to PEG-IFN α2a. We noted 10 cases of anemia < 10 g/dl (33.3%) due to RBV with the lowest rate of 8.6 g/dl, who all received erythropoietin (100%).
There was no dose reduction of PEG-IFN or RBV.
Only one patient had to discontinue treatment because of severe thrombocytopenia to 11,000 platelets/mm 3 : it was 1 case of HBV which continued treatment with tenofovir.
Virological Response

HBV
3 partial responses, 3 responders including 1 HBV + HDV co-infected non responders to HDV, 2 non responders including 1 HBV + HDV co-infected to week 48. Which makes after 6 months of treatment: 12.5% SVR, 75% non-responders and 12.5% responders relapsers. 
HCV
Discussion
This retrospective study presents limits. The various modes of contamination were not able to be specified. The data we report can not reflect the situation in the general population. In spite of these limits, this study allowed to appreciate the effectiveness of treatment with PEG-INF alone or in combination with Ribavirin (RBV) inclinical practice. In our study, out of 1860 patients seen in hepatogastroenterology consultation, 422 that is 24.7% had chronic hepatitis B or C. Only 44 patients that is 10.4% had had access to treatment with PEG-IFN free. In Gabon 4.5% of HBV and 9.8% of HCV were put on treatment [5] , while in Burkina Faso [6] 39% of HCV patients were treated in a public hospital. A study in Cameroon in a private medical center treated 73.17% of HCV patients [7] . Patients of Teaching Hospitals came from socially disadvantaged social classes, as for wealthy people they seek treatment in private structures [4] . In a study carried out in 2013 on Ivorian patients' representations and experiences of HBV in Abidjan, out of 14 patients only 2 had had access to treatment. All patients met or had encountered difficulties to bear the financial burden of pre-therapeutic assessment or monitoring due to the cost of transportation, laboratory exams, and consultations [4] . The low rate of patients put on treatment in public hospitals despite the high endemicity of viral hepatitis in our countries of Sub Saharan Africa, is explained by the absence of social security coverage. The problems raised by the treatment of viral hepatitis by PEG-IFN are essentially economic. The second problem is the mode of administration of Interferon that is injectable and requires storage at 4˚C. We are also faced with the problem of virological monitoring of treated patients [8] . The average age of our patients was 49.2 years. They were 42.3 years old for VHB which is consistent with other studies carried out in Côte d'Ivoire that found an average age of 42 years for chronic carriers of HBs Ag [9] and 40 [10] , in France HBV patients had a median age of 44 years [11] . Our HCV patients were on average 51.9 years old, in line with SOMBIE et al. who found an average age of 51 ± 6.9 years in HCV patients put on treatment [6] and a study in Morocco where HCV patients were on average 52 years old [12] , in Tunisia the average age of HCV patients was 50 years [13] and 53.1 ± 8.1 years in Cameroon [7] . HCV Japanese patients had an average age of 55 years [14] .
Our sex ratio was 1.56. Which is higher than HCV patients in Burkina Faso 1.25 [6] and in Tunisia whose patients had a sex ratio of 1.04 [13] but is consistent with Japanese patients who had a sex ratio of 1.57 [14] .
We had no case of HBV + HCV co-infection. Bignomba found 4.2% of HBV + HCV co-infection [5] . We identified 3 cases of HBV + HDV co-infection (27.3%) and 1 case of HCV +HIV co-infection (3.3%). Because of the common modes of transmission, the co-infection of viral hepatitis with HIV is common. Out of the 34 million people infected with HIV worldwide, 5% -25% are also co-infected with HBV (2 -4 million, 5% -20%) and/or HCV (4 -5 million, 5% -15%). Developing countries face the double burden of co-infection [15] . The co-infection or superinfection HIV-HBV or HCV is then common in these areas, the transmission modes being crossed [16] . In the Ivory Coast, the HBV + HIV co-infected patients are put on anti retroviral drugs including Lamivudine and Tenofovir which explains the absence of HBV + HIV co-infected patients in our study.
None of our patients on treatment had clinical or radiological evidence of cirrhosis or hepatocellular carcinoma. But the fibrosis score was F4 in 36.84% of cases, this was compensated cirrhosis. Viral hepatitis is often diagnosed at the stage of cirrhosis in our country.
Duration of Treatment
The disadvantages of interferon are subcutaneous administration and the frequency of side effects, although the tolerance of the treatment looks better in hepatitis B than in hepatitis C [17] - [21] . Regarding the duration of treatment of our patients, 7/41 (17%) discontinued their therapy: they were 4 HCV all of genotype 1 for nonresponse, 1 decompensated cirrhosis and 1 infection of type pyoderma and 3 HBV including 1 for severe thrombocytopenia. Our rates are higher than those found in Tunisia, 10/141 (7.1%) patients had to discontinue treatment permanently, in all cases because of adverse effects of treatment which were mainly of hematological order (n = 7). The other causes of discontinuation were autoimmune hepatitis (n = 1) and acute renal failure (n = 2) [13] . In a meta-analysis, despite reports that the treatment of HCV is associated with significant side effects, only 4% of enrolled patients discontinued treatment because of side effects [22] . In one study on the tolerance of the combination pegylated Interferon-Ribavirin therapy in HIV-HCV co-infected patients, the intolerance to treatment justified a dosage reduction of at least one anti-HCV drugs in 40% and the premature discontinuation of treatment in 12% [23] . In the Japanese study the cumulative discontinuation due to side effects of therapy was 14.9% to one year, statistically significant in patients > 65 years and in patients who had diabetes [14] .
Hematological Side Effects
These therapies are associated with several hematopoietic side effects such as anemia, thrombocytopenia and neutropenia, causing discontinuations of treatment or dose reductions that may lead to a suboptimal therapeutic efficacy [19] - [21] .
In our study, 20/41 cases (48.8%) of neutropenia < 750/mm 3 were observed, with the lowest rate to 221/mm 3 including 16 (80%) who received Filgrastim. 12 cases (29.3%) of thrombocytopenia < 100,000/mm 3 whose lowest rate was to 11,000 platelets/mm 3 due to pegylated Interferon α2a. We noted 10 cases of anemia < 10 g/dl (33.3%) due to Ribavirin with the lowest rate to 8.6 g/dl, which all received erythropoietin (100%). There was no dose reduction of pegylated Interferon or Ribavirin. One single patient had to discontinue treatment because of severe thrombocytopenia to 11,000 platelets/mm 3 : it was 1 case of HBV which continued treatment with Tenofovir. In Tunisia, adverse effects were noted in 67 patients (47%), hematologic disorders in majority (n = 54). Erythropoietin was used in 17/34 (50%) of patients with anemia and Lenograstim in 13/19 (68%) of patients with neutropenia. A dosage reduction in treatment was reported in 23 patients (16.3%), in all cases due to adverse hematological effects [13] . Sombié et al. noted 1 anemia in 2/18, leukopenia in 6/18 and thrombocytopenia in 2/18 [6] . In Cameroon out of 90 patients who were treated for at least 12 weeks, 6 (6.7%) discontinued treatment because of adverse events (neutropenia, encephalitis, pancytopenia and thrombocytopenia) [7] . The probability of SVR depends on the good adhesion to the therapy (at least 80% of the required dose was maintained for at least 80% of the time required) and appropriate adhesion can only be achieved if the side effects are reduced to a minimum [23] . The hematopoietic growth factors, erythropoietin or granulocyte colony stimulating factor (G-CSF) are effective to limit dose reductions of Ribavirin related to anemia or of IFN related to neutropenia [19] [20]. The consequences of these premature discontinuations can cause a decrease in EVR and therefore a risk of progression of liver disease [24] . Despite the lack of marketing authorization in the treatment of hepatitis C, erythropoietin helps improve the quality of life of patients made anemic and maintain adequate doses of Ribavirin. The use of G-CSF is even more controversial because the link between neutropenia (induced here by Interferon) and viral infection is not as obvious as in cancerology. Thrombocytopenia was mainly due to the effect of myelosuppression of the IFN and requires a dose reduction only in 3% -6% of randomized assays using PEG-IFN [24] . Although studies have demonstrated that the use of hematopoietic growth factors really reduces the incidence and severity of these side effects and helps patients to complete therapy, data on the improvement of SVR remain limited [25] .
VHB Virological Response
Among Hbe Ag positive and negative patients, the therapeutic end point is sustained HBs Ag loss with or without HBs seroconversion. Among Hbe Ag positive patients, durable HBe seroconversion is a satisfactory end point because it is shown to be associated with an improved prognosis [26] . PEG-IFN alfa-2a, for 48 weeks resulted in a 27% rate of Hbe Ag seroconversion and 25% of HBV DNA negativation. Six months after discontinuing treatment, Hbe Ag seroconversion rates reach 32%. The loss of Hbs Ag with the appearance of Anti-HBs occurred in 4% -6% of patients after 1 year of treatment and 6 months of post-treatment follow-up [26] .
We noted 1 (12.5%) SVR, 6 (75%) non-responders including 3 partial responses and 1 (12.5%) responder relapser. Moucari et al. in France found 48 patients, 30 (62%) had had a response at the end of treatment and 18 (38%) were non-responders. Twenty-four weeks after discontinuing treatment, only 12 (25%) patients had a SVR, while 18 (38%) patients relapsed. They concluded that the quantification of the HBs Ag appears to be an excellent marker to predict sustained response to treatment and identify in the first phase of PEG-IFN patients who will most likely respond to this treatment [11] . A rapid decline of Hbs Ag rate is predictive of a SVR. The rates of HBs Ag to week 12 and 24 after the start of treatment were associated with the identification of non responders or to adapt the duration of treatment in responders. The lack of significant decline in the HBs Ag to week 12 of PEG-IFN is a strong negative predictor of response of Hbe Ag positive patients. HBs Ag is an important test that marks not only the active infection with HBV, but also can predict the clinical outcome of infection. Based on the quantification of HBs Ag a response guided therapy in HBs Ag positive patients as well as in Hbe Ag negative treated with PEG-IFN was developed [27] . The effectiveness of drugs available for the treatment of chronic hepatitis B was assessed in randomized controlled trials over a year. HBe seroconversion rate was about 30% with conventional and pegylated Interferon alpha and approximately 20% with nucleotide analogs. The loss of HBs Ag was 3% -4% after a one-year treatment with pegylated Interferon alpha, 0% after treatment with lamivudine, adefovir and telbivudine, 2% after treatment with entecavir, and 3% after treatment with tenofovir. In Hbe Ag negative patients, the virological response rate to one year (variously defined in different trials and differently to recommendations) were 63%, 72%, 51%, 90%, 88% and 91% with treatment with pegylated Interferon alpha2a, lamivudine, adefovir, entecavir, telbivudine and tenofovir. The loss of HBs Ag was 3% after a one-year treatment with pegylated Interferon alpha and 0% after treatment with lamivudine, adefovir, entecavir, telbivudine or tenofovir [26] . The benefits of treatment with PEG-IFN are in addition to the limited treatment duration of 48 weeks, the possibility of a SVR after discontinuing treatment with HBe seroconversion in one third of patients in the short term and HBV DNA undetectable in 17% of HBe negative patients.
In the long term, HBs seroconversion was observed in almost 10% of patients. Finally PEG-IFN does not cause resistance [26] .
HCV Virological Response
The combination therapy PEG-INF + Ribavirin remains the standard treatment for the majority of HCV patients worldwide. However, the new antiviral drugs with direct action can become the standard of care in most rich countries. However, the high costs and pharmaceutical patents of these new drugs, that also require regular specific monitoring, make these treatments unavailable in low and middle-income countries [15] . In our study, 1 (5.8%) genotype 1 patient had had 1 RVR with viral load negativation to week 4 There was no significant difference between the virological response of HCV genotype 1 and that of HCV genotype 4 patients (P = 0.52), while HCV genotype 2 patients had a rate of SVR higher than that of HCV genotype 1 and HCV genotype 4 patients (P = 0.05) [7] . A meta-analysis that included 93 studies of low and intermediate-income countries showed that HCV treatment success rate in these patients is similar to the rate reported in patients of rich countries [22] .
In Tunisia, the rate of virological response at the end of treatment in intention to be treated across all genotypes, was 83% (n = 117). The SVR rate was 66% (n = 93). Among patients infected with HCV of genotype 1, the SVR rate in intention to be treated was 58.5% (n = 62). This rate was 91% (n = 31) in case of HCV of genotype 2 or 3 [13] . Hepburn also demonstrated that the SVR differs according to ethnic groups: it was higher in Asians 22/36 (61%), followed by caucasiens 193/496 (39%), Hispanics 18/79 (23%) and African Americans 7/50 (14%) [28] . In an American study comparing the SVR of African Americans to that of Caucasians with the pegylated combination therapy, it was reached respectively in 28% and 52.8% (p < 0.0001). This study suggests that the low rate of response of African-Americans compared to Caucasians' is not due to clinical characteristics of patients, severity of illness, or the amount of drugs taken. The race remains significantly and independently associated with SVR [29] .
Conclusion
The free antiviral treatment program helped treat 10% of chronic viral hepatitis B and C. Our results are not different from those of the literature. Difficulties remain in the performance of non-supported diagnostic tests. PEG-INF is State-subsidized in the 3 Teaching Hospitals of Abidjan since 2015 making it accessible to our patients, which will allow handling a largest number of chronic viral hepatitis.
